Introduction
the strongest for the specimen from F-ZrO2; it was the weakest for the specimen from R-ZrO2. Accordingly, the XRD intensity of the unreacte monoclinic ZrO2 was con versely the strongest for the specimen from -ZrO2. The quantity of the remaining graphite was almost constant among all the samples.
The rock-salt cubic phase was assigned to a zirconium nitride phase by comparing it with the XRD pattern of a commercial ZrN, whose data agreed ed with that of JCPDS.5) However, a detailed examination of the lattice constant showed that the zirconium nitride thus obtained did not necessarily have the same chemical composition as stoichiometric ZrN. Furthermore, according to the results of Lerch and Wrba, 4) two types of rock-salt phase should be detectable by XRD. However, in the pre sent study, only one kind of ZrN was observed. The lattice constants of zirconium nitride in the present study changed in the range, a0=0.4581-0.4601nm, depen ding on both the starting materials and reaction time. However, many lattice constant values of zirconium nitride have been reported, such as a0=0.4570,7) 0.4571,8) 0.45759 and 0.4577nm,10) which were smaller than the values ob tained for the present samples. Figure 7 typically shows a change in the lattice constant of zirconium nitride when both the nondoped and Y2O3-doped ZrO2 were used as star ting materials. When the nondoped monoclinic zirconia was used, the obtained lattice constant of zirconium nitride sharply decreased with an increase in the reaction time for the initial 10h, approaching the reported values, and then conversely increased at 12h of firing. As soon as the lattice constant of zirconium nitride began to increase, the extra re maining graphite peak began to decrease. Ikeda et al.11) have reported that an fcc phase with the quadrupled cell dimension of the rock salt-type ZrN was found in the ZrO2-ZrN system and the typical cell dimen sion was a=1.3334nm in the 70mol% ZrO2/30mol% ZrN, which decreased with an increase in nitrogen content. The quadrupled cell dimension of 1.3334nm corresponds to 0.4583nm in the primitive lattice of the fluorite structure, whose value was greater than that of ZrN. Therefore, the change in the lattice constant of the present ZrN would be presumed as follows. The cubic rock-salt phase which was considered to e that of ZrN, should be, in fact, assigned to the oxynitride phase, and the decrease in the lattice con stant with an increase in the reaction time for the initial 10h means a gradual change of the oxynitride phase to a nitrogenrich phase, which results in a composition almost similar to that of zirconium nitride. Furthermore, at 12h of firing, the lattice constant increased conversely, This fact may suggest that the zirconium nitride further transforms to the solid solution of nitride and carbide (ZrCxNy) on the basis of the result that the remaining carbon content decreased by firing for 12h.
On the other hand, the lattice constants of the fcc phase obtained from both the 3YZ and the 8YZ did not show such a large change, but the lattice constant of the zirconia phase with a fluorite type structure showed a significant change during the reaction (Fig. 4) . This means that the nitrida tion of the fcc phase does not proceed; however the nitrida tion of the zirconia with a fluorite structure proceeds.
Conclusion
In the carbothermal nitridation study of the various zir conia powders, the following results were obtained:
(1) The use of the fine zirconia powder accelerated the formation of zirconium nitride.
(2) The nitridation to rock-salt type zirconium nitride was competed with the partial nitridation of zirconia which maintained its fluorite structure.
(3) The fcc rock-salt phase continuously transformed to a nitrogen rich phase by nitridation, resulting in an almost stoichiometric ZrN at 10h firing, which began to change again to a solid solution of nitride and carbide by the more prolonged firing.
(4) The presence of ZrN seed crystal restrained the for, mation of the zirconium nitride.
